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Figure 48. Smith chart plot of computed and predicted values of S,, and S,, for 
a T =500 mils inductive strip centered in WR(90) fin-line, W,b =0.25, 

i — ey POC eo ei Gtene te Ge [2 — om crema EMME Ese SaiccsanesSdccscensosseceeckvsocvecs 

Figure 49. Computed and predicted values of |S,,| vs. frequency for a T =20 mils 
inductive strip centered in WR(90) fin-line, W/b =0.2, &, = 1. Model 
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Figure 50. Computed and predicted values of @,, vs. frequency for a T =20 mils 
inductive strip centered in WR(90) fin-line, W;b=0.2, £, = 1. Model 

ANACal Werte ste eect Til MO ctr se zE ee tise vice ons esinceeees svevosscaveeeasvvoaiaederss 

iene \), Smith chart plot of computed and predicted values of S|, and S,, for 
a T =20 mils inductive strip centered in WR(90) fin-line, W,b =0.2, 
Peele MO Ce Ieuan Ce lyn) TEN. cigaccr sian essuwencevars.tesacdseeesseaibeue 
. Computed and predicted values of |S,,{ vs. frequency for a T=S0 mils 
inductive strip centered in WR(90) fin-line, W,;b =0.2. £,= 1. Model 
WOLGL UAC LORGE Bs JS Tad ea Rae eee en nn 


CA 
tO 


Figure 


Figure 53. Computed and predicted values of 0,, vs. frequency for a T=50 mils 
inductive strip centered in WR(90) fin-line, W,b=0.2, E, = 1. Model 
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Figure 54. Smith chart plot of computed and predicted values of S,, and S,, for 
a T =50 mils inductive strip centered in WR(90) fin-line, W/b =0.2. 
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Figure 55. Computed and predicted values of |S,,| vs. frequency for a T=100 
mils inductive strip centered in WR(90) fin-line, W,b=0.2, £, = 1. 
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Figure 56. Computed and predicted values of @,, vs. frequency for a T =100 mils 
inductive strip centered in WR(90) fin-line, W/b =0.2, E, = 1. Model 
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eure S/. smith Chart plot of computed and predicted values of S,, and S,, for 
a T =100 mils inductive strip centered in WR(90) fin-line, W/b =0.2, 
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I. INTRODUCTION TO FIN-LINE 


The use of fin-line as a transmission Structure for millimeter- wave integrated 
circuits was first proposed by Meier in 1974 [Ref. 1]. The advantages of this 
Structure are low-attenuation, single mode operation, containment of spurious 
emissions, ease of production, and compatibility with integrated circuit technol- 
ogy. Fin-line has become established as a viable transmission structure, and, 
therefore, studies contributing to its effective utilization are of widespread inter- 
Est. 

Knorr and Shayda have applied the spectral-domain method to determine the 
transmission characteristics of fin-line [Ref. 2: pp. 737-738] and Knorr [Ref. 3 pp. 
1200-1201] has used the method to investigate the end effect in a shorted fin-line. 
Lastly. Knorr and Deal [Ref. 5, 6] have used the spectral domain method to 
compute the scattering coefficients of an inductive Strip in fin-line. These studies 
addressed the proper choice of basis functions and accurately determined the 
fin-line guide wavelength and characteristic impedance as well as the equivalent 
reactance of a shorting Septum, and the scattering coefficients of an inductive 
wep. 

One discontinuity of considerable practical importance is the inductive strip 
in fin-line. It is used to construct simple resonators as well as more complicated 
multi-resonator filters. The geometry for a fin-line is illustrated in Figure 1 on 
page 2 and a cross-sectional view of the fin-line in which the strip resides is shown 
in Figure 2 on page 2. Figure 3 on page 3 shows cross-sectional views of three 
fin-line configurations [Ref. 4]. In the configuration of Figure 3b, the fins are 
printed on opposite sides of a single dielectric substrate. Since the fins are directly 
grounded to the metal waveguide walls, this configuration is applicable only to 
Massive devices. In the configuration of Figure 3c, however, the fins are printed 
On the mating surfaces of the two dielectric substrates. Since the fins are insulated 


from the waveguide at dc, bias may be introduced for active components. 
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Figure 1. Cross-sectional view of a fin-line. 





Figure 2. View of a fin-line strip of axial length T centered in a fin-line cavity. 
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Figure 3. Thee typical fin-line structures. 


The electric field in the plane containing the fins is predominantly in theyx. 
direction. A wave incident on the Strip induces a current on the strip and the as- 
sociated stored magnetic energy of the evanescent field gives the strip its inductive 
property. If the strip is very long, the field decays with distance and the strip be- 
haves like a shorting septum [Ref. 3: pp. 1196]. If the strip is sufficiently short, 
the incident Wave is partially backscattered and partially forward scattered. The 
scattering coefficients S,, and S,, are functions of the strip width, fin separation, 
dielectric constant, shield size, and strip length. 

The purpose of this thesis is to develop a circuit model for the inductive strip 
in homogeneous (£,=1) unilateral fin-line. The model will be developed by 
matching model data to numerical data derived from the spectral domain tech- 
nique for different values of W;b and T/D. 

This model can be used to design millimeter wave filters. Thus, a good check 
on the accuracy and utility of the model could be obtained by using the model to 
design some filters and then comparing the measured and predicted performance 


of the filters. 


ll. MODELING THE WR(90) FIN-LINE 


The integrated fin-line structure can be viewed as a slotline with a shield, a 
ridged waveguide with dielectric, or a slab-loaded waveguide with fins. For thin 
Slabs with low values of £,, the fin-line structure is essentially the same as a 
narrow-width ridged waveguide. In practice, when fin-lines are constructed, the 
dielectric material is often allowed to pass through the broad wall of the shield 
[Ref. 2: pp. 737]. An additional dielectric spacer may be used to provide complete 
de isolation of a fin from the shield. This allows biasing of solid-state devices 
iieumted between the fins (Ref. 2: pp. 7/37]. The integrated fin-line is often uti- 
lized as a medium for constructing millimeter wave circuits. In this chapter we 
model the fin-line using spectral domain data, for wavelength and characteristic 
impedance. 

For homogeneous fin-line the wavelength and characterictic impedance are 


@iven exactly by the relations !(a): 
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where 4, and Zp, are the cutoff wavelength and high-frequency limit impedance 
of the fin-line. 

Figure 4 on page 6 shows a homogeneous fin-line structure as well as an 
equivalent rectangular waveguide structure. Since the homogeneous rectangular 
waveguide is governed by the same equations I{a) for the cutoff wavelength and 


characteristic impedance, we can construct a waveguide with dimensions a,, and 





Figure 4. Homogeneous fin-line and equivalent rectangular waveguide structures. 


b,, Which will have the same cutoff wavelength and impedance as expressed in 
equations I(b). The choice of WR(90) fin-line was made because some exper- 
imental data existed for strips in homogeneous fin-line with W/b <1 in the fre- 
quency range of 8.0-12.0 GHz. 

In equation (1), the values of < and Z,, for each particular frequency and 
for various values of W/b were determined by using the spectral domain tech- 
nique for WR(90) fin-line. 

Table | on page 7 shows the computed values of + and Z), for W/b=0.5. 
Similar results for W/b =1.0, 0.25, 0.2, 0.1, 0.05, 0.02, 0.01 are tabulated in Table 
8 in Appendix A. Then, by using equation (1), the values of A, and Z,,., for each 
frequency were calculated as shown in Table 2 on page 7. This table gives the 
values of A, and Z, for the frequency interval 8.0-12.0 GHz. 

In order to find the values of a,,/a and 6,, /b to design our model we use the 


equations: 


Table 1. © Numerical values of us and Z,, for W/b=0.5. | 


356.7146 


348.5253 





- Table 2. Calculated values of cutoff wavelength and 
characteristic impedance vs. W/b_ for 
WR(90) fin-line. 














(2a) 
Deq Lo eq a 
oe dices ae ) 
5 (ee) (2b) 
where: Ho = 1200 
a = 900 mils 
b = 400 mils. 


Equations 2(a) and 2(b) are general equations for any value of a and b, which 


have been derived by Knorr, so we can use them for the paricular case where the 


relationship between the fin-line shield dimensions is b/a = 4/9. 


Table 3. 


Calculated values of a,, /a and 6,,/bvs. W/b 
for WR (90) fin-line. 





The computed values are tabulated in Table 3. Figure 5 on page 9 and 
Figure 6 on page 10 show the plots of a,,/a and 6,, /b vs. W/b respectively, where 


by using a best fit curve program we determined the following polynomials of Sth 
degree. 
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Ja vs. W/b for a WR(90) fin-line. 
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These polynomials will be used to design the model of the fin-line structure. 
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Hil. MODELING AN INDUCTIVE STRIP INHOMOGENEOUS FIN-LINE 


The inductive strip in fin-line is used to construct simple resonators as well 
as more complicated multi-resonator filters. The geometry for an inductive Strip 
iS 1ustpated in hiciite 2]. Ciapter as 

The scattering coefficients S,, and S,, are functions of strip width, fin sépa= 
ration, dielectric constant, and strip length. The inductive strip is lossless, recip- 
rocal, and symmetric, so its scattering matrix is unitary with S,, = S,) animes 


5;, [ie iitan, prope aleadcao. 


ely - 
on = eS ae (5) 
9= 9 +> (6) 


where, in (6), the minus (-) sign is chosen because the strip is inductive. S) Gea. 
pp. LO13] 

Theoretically, the problem can be solved by applying the spectral-domain 
method to fin-line resonators which are end- coupled by a thin, lossless strip. This 
permits the scattering matrix of the strip to be computed as reported by Knorr 
and Wealeimet. opm me lal: 

Some experimental measurements have been made to validate the numerical 
data generated using the code written by Deal [Ref. 6]. To ease measurement 
difficulties, all measurements were made using X-band test Structures. Shield size 
was 0.4x0.9 in WR(90) fin-line and the fins were centered in the shield. With no 
dielectric, it is easy to establish the reference planes required for the measure- 
ment. Figure 7 on page 14 and Figure 8 on page 15 show [S,,| and C5,, for 


different strip lengths in fin-line with W;b =0.5. Curves are presented for T = 20, 


2 


50, 100, 200, and 500 mils. Similar data for W/b =0.25 and W;b=0.2 are shown 
in Figures 18-19 and Figures 20-21 respeetively, in Appendix B. 

The ultimate goal is to design a model of an inductive strip in a fin-line. 
Typieally, fin-line has a dielectrie substrate with a dieleetrie constant > 1, but this” 
increases the complexity of the problem, so the first step is to work with homo- 
geneous (£,=1) fin-line. 

Figure 9 on page 16 shows the circuit model of the inductive strip in fin- line, 
Where T is the strip length and L ts the inductance. As described tn [Ref. 7.], the 
dimensions of the waveguide will be a,, /2 and 6,, which are evaluated by using 
the eomputed values of 4, and Z,, from Table 3 on page 8 for eaeh different 
value of W/b. The computed values of a,, and 6,, will be used with the existing 
numerical and experimental data for strips in WR(90) fin-line with W/b <I to 
build a circuit model for the strips. 

The computed scattering eoefficients from the Tables 4, 8 and 9 were used to 
Greate a data file for W/b=0.5, 0.25, 0.2 and for T =20, 50, 100, 200, and 500 
mils respectively as shown in Table 5 and Tables 10-23 in Appendix A. A 
TOUCHSTONE circuit file then was created to compute the Scattering coclti- 
cients of the eircuit model as shown in Figure 10 on page |7and Figure 11 on 


page 18. 


Table 5. TOUCHSTONE data file of scattering coefficients for W/b=0.5 T= 100 
mils. 


SCOIMERING PARAMETERS: 


reas, S i) / 251 


-9649 153.6750 
eSS 1-7 IVS 4281 
SP: [4Sn29s¢ 
Pads 141.5109 
-90@2 Yeo] ae 
Boro 123.2406 
#8529 [29 stead 
26269 [25 3805 
a7 122. 150@ 
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0,, vs. frequency for inductive strips centered in WR(90) fin-line. 


W/b 


Figure 8. 





Figure 9. Circuit model of an inductive strip in fin-line. 


Our goal is to match the scattering characteristics of the strip model to the 
computed scattering coefficients. By changing the value of the inductance L, we 
can find the value for which we obtain the best fit to the computed data. 

The comparisons between the computed scattering coefficients and those 
predicted by the model for the case of W/b=0.5 and T =100 mils are illustrated 
in Figure 12 on page 19 and Figure 13 on page 20 which show the magnitude 
and phase curves respectively. These curves were made by using the 
TOUCHSTONE Microwave Circuit Simulator marketed by EEsof, Inc., 
Westlake Village, CA. By observing the phaSe curve in Figure 12 we can See that 
the error is about 3-4 % for the choice L=8.2 nH. 

Figure 14 on page 21 shows a Smith chart plot of calculated scattering cocl- 
ficients S,, and S,, and those predicted by the model for the particular case of 
W/b=0.5 and T =100 mils. | 
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Figure 10. TOUCHSTONE circuit file computing the scattering coefficients of thic 


circuit model (part 1). 


Similar plots can be obtained for W/b=0.5, 0.25, 0.2, and T=20, 50, 100, 
200 and 500 mils in magnitude, phase, and on the Smith chart. These plots are 
illustrated in Figures 22-63 respectively and Were obtained by using the corre- 
sponding optimum value of L for each case. Table 6 on page 23 shows all thie 


predicted values of L for each particular case, along with those values of L for 
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Figure 11. TOUCHSTONE circuit file computing the scattering coefficients of the 


circuit model (part 2). 


W/b=1.0 as determined by Knorr [Ref. 7: pp. 13]. The table shows that as strip 


length increases from T=20 to 500 mils, the value of L decreases. As W/b de- 


creases for each particular value of T, then again the inductance decreases. 


Having obtained the inductance for the various strip lengths (T = 20, 50, 100, 


200, 500 mils) and for various values of W/b modeled previously, it is a simple 


matter to explore the possibility that the curve L(T) can be approximated by 
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Table 4. Computed scattering coefficients for WR(90) fin-line for W/b=0.5 and 
T = 20, 50, 100, 200, and 500 mils (D = 10 mils). 


FREQUENCY S11 Mag. S1l Phase S12 Mag. S12 Phase T OVER D 
8.0000 Ono9 lS 150.0188 0.4525 60.0187 2.0000 
8.5000 0, 8576 145.6312 0.5143 55: Gore 2.0008 
9.0000 O2o 27 141.4125 0.5700 Sis 425 2.G00G 
9. 5000 Oe sae 137.8969 07.6193 47.8969 2.0000 

10.0000 0.7508 £23.9047 0.6606 43.8047 2.0000 
10.5000 0.7140 P3ileit3a2e 0.7001 41.1328 2.0000 
11.9009 0.4799 127.9141 Oi? 333 By oA 2.0000 
i 000 0.6451 12429872 0.7641 34.9875 2.0000 
12.0000 OF 6150 120, 6100 0.7940 30.9100 2.0000 

FREQUENCY S11 Mag. S11 Phase $12 Mag S12 Phase T OVER D 
8.0000 U2 9312 15250859 0.3645 62.0859 5.0000 
8.5000 CO; 9079 147.7547 OR heel 97.7947 5.0000 
9.0000 0.8832 143.6344 0.4690 53.6344 5.0000 
9.5000 0.8560 140.0484 0.5170 50.0484 5.0000 

10.0000 0.8283 135.0750 Of 5602 45.6750 5.0000 
10.5000 0.7981 132.6094 0.6026 42.6094 5.0000 
11.0000 0.7685 128.8687 0.6399 38.8687 5.0000 
Di 5000 Oy 3 el 125.0900 0-6 757 35.5500 5.0000 
12.0000 O27 062 121.6406 0.7080 31.6406 5.0000 

FREQUENCY S11 Mag S1l Phase S12 Mag S12 Phase T OVER D 
8.0000 0.9649 153.6750 OF 2627 63.6759 10.0000 
8.5000 On 95a) 149.4281 0.3069 29.4261 10.0000 
9.0000 0.9367 145.2937, 0.3500 Doms o 7 10.0000 
9.5000 Oe 3135 141.5109 0.3935 eWay) 102) 10.0000 

10.0000 0.9002 136.8722 0.4355 46.8422 10.0000 
10.5000 0.8776 133.3406 0.4794 43.3406 10.0000 
11.0000 Omeacg P2390 234 0.5204 39.0234 10.0000 
11. 500G 078269 124.9875 ORs) oP a) 34.9875 10.0000 
12.0000 On 9/5 126, 1500 0.6034 3 G1500 10.0000 

FREQUENCY S1l Mag S11 Phase SiZ Mag. S12 Phase T OVER D 
8.0000 0.9862 153.4641 0.1656 63.4641 20.0000 
&.5000 0.98418 F502 5531 071736 560.553 20.9000 
9.0000 O29789 146.3062 O.2045 56.3062 20.0000 
9.5000 0.9714 142.3406 OR 4 oI bs) a2. 39062 20.0000 

10.0000 0.9025 137.4609 0.2714 47.4609 20.0000 
10.5000 Og sleieal [324250 O07 3129 43.4250 20.0000 
11.0000 OF 2352 128.4750 O25 38.4750 20.0000 
it. 5000 ORL oL NLC IES) 0.4010 3354125 20.0000 
12.0000 One g28 117.4078 0.4505 27.4078 20.0000 

FREQUENCY S1l Mag. S1l Phase S12 Mag S12 Phase T OVER D 
8.0000 LO) hs ts) 150.3000 E0259 60.3000 50.0000 
8.5000 0. 9995 148.4437 02.0355 50.4437 50.0000 
9.0000 O2990C9 14625875 0.0464 96.5875 50.0000 
9.5000 O02 7984 142.7625 O05 1 S267625 50.0000 

10.0000 CG. 9975 137.9875 0.0709 47.5875 590.0000 
10.5000 0.9960 133.3125 0.0895 13,3125 590.0000 
11.0000 0.9934 L27 <6 Oo; 1151 oT. 6172 50.0000 
11.5000 0.9887 12156266 0.1501 31.6266 50. C000 
12.0000 0.9802 113.8641 071980 23.5904) 590.0000 
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Table 6. Predicted values of L vs. W/b for WR(90) fin-line and strip length T using 
the polynomial form. 


mils mils mils 






some simple analytical expression. A good fit to these data is the polynomial form 


of 5th degree, which can be found using a best fit curve program: 


a) for W/b =1.0: 


L = 0.0003( + 5 — 0.0270( ~ )* + 0.6999( = ve 6.8761( ? 424.6634, +) 


b) for W/b =0.5: 


L = 0.0001(-£-)° — 0.0105( ~~ )* + 0.2729 £ )? — 2.6880( 5)? + 9.7166( +) 


c) for W/b =0.25: 


L = 0.0001(=-)° — 0.0066( + )* + 0.1711( 4)? — 1.6789(-L )? + 6.0250( Ey 


d) for W/b=0.2: 


i 0.0001( 5 — 0.0048( + * +.0.1256( oa 3 — 1.2381( a e567 +) 
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Figure 15 on page 24 shows the graphs of the model inductance L as a 
function of T. 
Another possible form which can fit these data 1s an exponential curve which 


has the following form for each value of W/b: 


a) For W/b=1.0: L = 16 + 14.4 * exp(-T/75) nH 

By fom W/b=0.5: L = 5.9 45.769 * exp(-1/108.738) nH 
ewiomyy/b=0.25, Fb = 3.82 + 3.44 * exp(-1/93.8187) nH 
ator W/b=0.2: L = 2.7 + 2.7746 * exp(-1;84.529) nH 


Where strip length T is in mils. 

We can Sce that as W/b decreases the value of the inductance decreases. This 
reflects the fact that as the space between the fins decreases, a Strip of fixed 
length will reflect a higher fraction of the incident power. Table 7 shows the 
calculated values of L using these exponential formulas for each value of T. 
Figure 16 on page 26 shows the graphs of the model inductance L, as a function 
Gieeme strip length IT, for Ws/b=1.0, 0.5, 0.25, 0.2. The values listed on Table 7 


are circled on the graphs. 


Table 7. Predicted values of L vs. W/b for WR(90) fin-line and strip length T using 


the exponential form. 
T=100mils}| T=200 T= 500 
mils mils 
8.1 
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mempoarineg the values of L between Table 6 on page 23 and Table 7, we see that 
Uiere 1S a Slight difference between them. Figure 17 on page 27 shows the dif- 


ference between the exponential and polynomial form for each value of W,b. 
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Figure 17. 
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IV. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

This thesis describes a circuit model for an inductive strip in fin-line for the 
homogeneous case, where £,,=1 and any value of W;b in the range 0 < W/b < 1 
iS permitted. 

The characteristics of integrated fin-line transmission line are reviewed. Fin- 
line is compatible with batch- processing techniques and superior to microstrip in 
Several respects at millimeter wavelengths. Relative to microstrip, fin-line can 
provide less stringent tolerances, greater freedom from radiation and higher mode 
propagation, better compatibility with hybrid devices, and simpler interfaces with 
Waveguide instrumentation [Ref. |: pp. 1209]. 

itvesmodels discussed here were determined for the 8-12 GHz frequency 
range using WR(90) waveguide for reasons related to availability of test instru- 
mentation and ease of fabrication. [t was in this frequency range that exper- 
imental data was available to verify the numerical data generated using Deal’s 
code {Ref. 6]. Numerical data was used to develop the circuit model. X-band 
was chosen as a Starting point to ensure that the model was based on accurate 
data. Thus the design of a fin-line model was needed for b/a=4:9. The values of 
the cutoff wavelength and the high frequency impedance limit were determined 
fopecmrerent values of W/b ( W,b=0.5, 0.25, 0.2, 0.1, 0.05, 0.02, 0.01) using 
Spectral domain data. 

The circuit model is elegant in its simplicity, consisting of parallel, below 
cutoff waveguide sections with lumped inductors at each end. The values of the 
equivalent dimensions were obtained by using equations (2), which were derived 
by Prof. Knorr for various values of Wb. 

The model was developed using data for strips with lengths of T =20, 50, 100, 
200, and 500 mils. The value of lumped inductance was determined by varying 
iro Ootain the best agreement between the value of 7S,, predicted by the circuit 


model and the value of 2S,, computed numerically for strips of various lengths 


in WR(90) fin-line. Good agreement was obtained in all cases and the optimum 


Values of induetance were used to determine aimmerion ia) 


The good agreement that has been obtained between model data and numer- 


ical data suggests that the model mav be used to design millimeter filters for 


communication systems, high-resolution imaging, collision avoidance radars, and 


enviromental monitoring equipment [Reiter 1o): 


B. RECOMMENDATIONS 


As a result of the success achieved in the modeling effort reported here, there 


are Several areas which appear fruitful for future investigation. 


I. 


Develop a model for strips centered in finline with W/b = 0.1, 0.05, 0902; 
OUR = lh. 


. Investigate the relationship of strip length to the coefficients Sommiame 


polynomial which describes the function L(T). 


. Develop a model for inductive strips which are off- centered with W,b<1, 


oo ll, 


ra 


. Develop a model for the general case of a strip printed on a dreleeeine 


substrate with Wib< 1. 
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APPENDIX A. TABLES 


Table 8. Computed scattering coefficients for WR(90) fin-line for W/b= 0.25 and 
T= 20, 50, 100, 200, and 500 mils (D = 10 mils). 


FREQUENCY S1l Mag. S11 Phase S12 Mag. $12 Fhase T OVER D 
8.0000 Or 93 14 15575734 0.3640 Go0/7 34 2.0000 
8.5000 0. 9134 152.0578 0.1070 62.0578 2.0000 
9.0000 0.8938 149.3438 0.4485 59.3438 2.90000 
9 2000 0.8720 146.5172 074995 20.0 Liz 2.0000 

10.0000 0, 6194 143.7188 0.3277 53-/ 106 2.0000 
10.5000 0.8256 140.4563 On5643 3021363 2.0900 
11.0000 D7 992 136.12)9 0.6010 468.1219 2.0000 
PL. 5000 O77 725 Ia 119 0.6350 44.9719 2.0000 
12.0000 0.7447 132.3962 0,6674 42.3562 2.0000 

FREQUENCY Sil Mag. Sl1l Vhase Sig ehag. $12 Phase ‘F OVER D 
8.0000 023591 157.0078 O2.2032 67.0078 0000 
8.5000 0.9476 325625 sO) 2 Bs he) O59 629 5.0000 
9.0000 OF 9347 150.9609 Uy Seis) 60.9609 5.0000 
9.5000 0.9202 148.1344 D915 58.1344 5.0000 

10.0000 029035 1155-12590 Oa 207 18 eal P2810. 5.0000 
19.5000 0.8855 141.8062 0.4647 51.8062 5.0000 
11.0000 0.8648 91906 U7 ou2 I 49.1906 5.0000 
11.5000 07.84.23 135.6187 OF ey TRS, 45°.6187 5.0000 
12.0000 G261 74 aie a3 1 022760 42.5531 5.0000 

FREQUENCY Sil Mag. S11 Phase Siz Mag. $12 Phase T OVER D 
8.0000 029759 H56.6261 Oe21 9G 66.6255 10.0000 
8.5000 U2 9739 154.5188 Oe2zero 64.5188 10.0000 
9.0000 0.9667 Pie 8750 OF 2061 61.8750 10.0000 
9.5000 0.9977 146.9781 OF 207 7 28.97 61 10.0000 

10.0000 0.9472 145.8984 023207 5555904 10.0000 
10.5000 O2935 1 142.3266 0.3544 52-2260 19.0000 
11.0000 OF 9201 jE Th Near, Ns Be OF ao ls AS eae Bes Be 10.9000 
115000 029023 135.4359 04g 1 he) eB BS) 10.0900 
12.0000 0.8808 ie 6953 0.4736 41.6953 10.0000 

FREQUENCY sll Mag. S11 Phase S12 Mag. S12 Phase T OVER D 
8.0000 0.9900 157.9996 0.1350 67.9996 20.0000 
5. 2000 0.9895 154.8844 0.1400 64.8844 20.0000 
9.0000 OF.9993 fo 2. 3250 021460 62.3250 20.0000 
9.5000 O26 36 17953719 0676 oo 7 o 20.0000 

10.0000 Uv, 9G12 146.2078 Orel 32 26.2079 20.0000 
10.5000 0.9749 142.2984 O712229 a2.2904 20.0000 
11.0000 0.9664 Pg. 9 937 0.2570 Theo 37 20.0000 
11.5000 Oe gI55) 1242 4516 U2 904 44.4516 20.0000 
12.0000 0.9394 129-9516 On 129 Ba 9516 20.0000 

FREQUENCY S11 Mag S11 Phase S12 Mag $12 Phase T OVER D 
8.0000 0.9999 133.3997 O27 014 1 ba.2967 50.0000 
8.5000 Oe 990 V2, 2325 020190 62519325 50.0000 
9.0000 0.9996 150.8792 0.0283 6040792 50.0000 
975000 Uae 148,598 1 0.0346 0.098) 50.0000 

10.0000 029955 146.1797 0.0491 76.1797 50.0000 
10.5000 0.9980 14221859 0.0628 92.1899 50.0000 
11.0000 0.9966 136.5297 0.0824 48.5297 50.0000 
11.5000 0.9941 13522964 0.1088 43.2984 50.0000 
12.0000 0.9889 127.2156 0.1484 37-7 156 50.0000 
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Table 9. Computed scattering coefficients for WR(99) fin-line for W/b=0.2 and 
T = 20, 50, 100, 200, and 500 mils (D = 10 nis). 





FREQUENCY Sil Mag. $1l Phase SIZ Mag. S12 Phase T OVER D 
8.0000 0.9416 15 /.4156 0.2367 67.4156 2.0000 
8.5000 0.9266 154.4906 O37 62 64.4906 2.0000 
9.0000 0.91903 151.7906 0.4140 61.7906 2.0000 
9. 2000 078922 148.5562 0.4516 58. 5962 2.0000 

10.0000 0.6725 145.8984 0.48866 55.8964 2.0000 
10.5000 0.8511 143-3953 05290 8 ie lie a Bs 2.0000 
11.0000 0.8282 140.8922 0.5605 s0209 22 2.0000 
ii 2000 0.8036 13621219 05951 48.1219 2.0000 
12.0000 O27 700 135.0422 076283 45.0422 2.0000 

FREQUENCY S1l Mag S11 Phase S12 Mag $12 Phase Tt OVER aD 
8.0000 0 9 6a5 W556 541 Or 2613 56,6531 5.0000 
8.5000 079559 155.7 984 Or29s6 65.7984 5.0000 
9: 0000 0.9456 15322109 023253 6352109 5.0000 
So 5000 0.9336 150.0188 023564 60.0187 5.0000 

10.0000 0.9197 147-2203 On 3920 57.2203 5.0000 
10.5000 0.9041 144.6187 0.4273 54.6187 5.0000 
1] .0000 0.8861 ia. 8766 0.4636 51.8766 5.0000 
11.5000 0.8658 38.7969 9004 78.7969 5.0000 
12.0000 0.8437 13523375 OQ, 5369 255.5375 5.0000 

FREQUENCY S1l Mag S11 Phase Sl2 Mag S12 Phase T OVER D 
8.0000 CES 703 159.2248 0.2000 69.2248 10.0000 
8.5000 O97 70 156.2464 0.2134 66.2484 10.0000 
9.0000 0.9725 134.0125 22327 64-0125 10.0000 
9.5000 0.9656 15057078 0. 2601 60.7076 10.0000 

10.0000 0.9565 147.8109 Oa2917 57.8109 10.0000 
10.5000 02.9463 I>. 0687 0.3232 55.0687 10.0000 
11.0000 02-9333 14270453 0.3590 22.0493 10.0000 
11.5000 G7 2279 138.6141 0.3967 48.6141 10.0000 
12.0000 O7e991 134.2922 0.4377 44.5922 10.0000 

FREQUENCY S1ll Mag S1l Phase S12 Mag. S12 Phase T OVER D 
8.0000 0299 3> Loo eUi2o Oe rla¢ 69.1025 20.0000 
8.5000 G.9925 156.9352 Or i222 66.9352 20.0000 
9.0000 029915 [54,5210 OPPS 18 | 64.6210 20.0000 
9, 5000 0.9885 15120875 Ola 610875 20.0000 

10.0000 019047 148.0641 O21743 58.0641 20.0000 
10,5900 On 794 145.0266 0.2018 55.0266 20.0000 
11.0000 0.9723 141.7078 022339 51 7078 20.0000 
11.5000 029623 377702 0.2719 A927 103 20.0000 
12.0000 0.9486 229891 023165 42.9891 20.0000 

FREQUENCY S1l Mag S1l Phase S12 Mag S12 Phase T OVER D 
8.0000 0.9998 152.6000 0.0200 62.6000 50.0000 
8.5000 0.9997 151.4000 0.0245 61.4000 50.0000 
9.0000 O29 96 150.4500 0.0282 60.4500 50.0000 
9.5000 0.9994 148.9000 0.0346 58.9000 50.0000 

10.0000 0.9991 147.8000 0.0424 57.8000 50.0000 
10.5000 0.9984 4a Sal 0.0564 54.9141 50.0000 
11.0000 0.9973 P42 2859 0.0741 a1.2859 50.0000 
Li 5e00 083951 £36.8141 0, 0390 46.8141 50.0000 
12,0000 0.9906 ra 992 2 0.1370 amo 922 50.0000 
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Table 10.  Touclistone data file containing the computed scattering coefficients of an 
inductive strip of length T=20 mils centered in WR(90)_ fin-line, 
W/b= 0.5. 


Semi tePING PARAMETERS: 


mea /S11/ ei) 


eeo2 
oan o 
isl aa ee 
me 
. 7508 
.7149 
[Bish 
meas | 
.615@ 





33 


Table 11. Touchstone data file containing the computed scattering coefficients of Qi 
inductive strip of length T=50 mils centered in) WR(90Q)_ fin-line, 
W/b= 0.5. 


| SCATTERING PARAMETERS: 
| FREQ /SI1/ eet (SONG, aoe {512/ “4812 eal, / 


@ ed Soul 157. 00(Ges. ees 67.@@79 5 (43) BV 67.@@78 Rosle] /i 157.0078 
2 sJ4 76 [935562 Sees 195 po. Shae en Eels. bo ..Ssb2e .9476 (53.5625 
@ Eo Le 150.9669 .2553 60.9629 ao5 95 60.9629 so4 7 1S@ . 5623 
= odie 148.1344 3915 38.7344 elo SB. aaa -d202 148.1344 


12 2035 1453 WSs a7, So. 1250 Seed So. 1250 —9025 145. 128@ 
10°75 228855 141.8062 .4647 S1). 2262 .4647 SI .8062 -8855 141.8262 
11.@ .8648 [29.1906 ee. So] 49.19@6 ~5@2 1 49.19@6 .9649 139. 19a 
We eee 159.6187 5009 45.6187 ood ASC 1B? e425 135 .6 hee 
IOP eae eli 4 [oc Sollee S768 {2 Sem -576@ i225 52 | 8174 1227550 
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Table 12. Touchstone data file containing the computed scattering coetficients of an 
inductive strip of length T=200 aitls centered in) WR(9Q) fin-line. 
W/b= 0.5. 


SCATTERING PARAMETERS: 


peed /511/ esa foe V7 a5 es) Wierd ooh ve 


~9314 lsoyore4s s.co4k soe . 3640 bosot. 24 
134 152.0578 .4072 : .4970 be 22578 
se9468 14g. 2438 24485 ae ~4485 oot ce 
-o720 [45 ol¢2 4895 F 3 24895 SGieol te 
.8494 LAG eS oer? pers iets SOL oo.7 1.28 
20200 149.4565 .S643 ; 756435 50.4563 
oo WS@.1219 .6@1@ vilte .6012 43 be 13 
ST pas Weed .G559 : 5 oj Oho VAS I 13 
pad] iSe2esou2 9.5574 Bee )e| lo) 30 +4 2 2o562 
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Table 13. Touchstone data file containing the computed scattering coefficients of an 
inductive strip of length T=500 mils centered in WR(9Q) fin-line, 
W/b= 0.5. 


SCATTERING PARAMETERS. 


FREOQ=/ sii? cSt 


~a999 sen su09 
sags “Mectae 
2o9e9) 14655875 
70984: 422 7b2e5 
23975) VleGace7S 
HoIBO | Sones 
sS924 (2veblys 
,2987 AZIM EZes 
~9002° 01 ioe eest 
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Table 14. Touchstone data file containing the computed scattering coeflicients of an 
inductive strip of length T=20 mils centered in WR(90)_ fin-line, 
W/b= 0.25. 


SCATTERING PARAMETERS: 


Bgeg /S11/ a5 At Sey Fae7 Gal 


ae 4 PSS.05 754° 2 a . 3640 BS. 5724 
134 (ae. e STO. ma 42978 62.0578 
pede? L4g.c4 587 = ~4485 ad 75428 
.8729 EtGcSi 7a): ; ~4895 Sosol/2 
.8494 143.7182. . s poe tt So. ieg 
5 ieiPaele iD. 4565 ee. : -9645 5@.4563 
erode sec 12197 = a .6912 Wa \2 19 
(eas) (24.9719 ; PaooD 44.9719 
~ 7447 Seago... s : .6674 | gra ils yes 





37 


Table 15. Touchstone data file containing the computed scattering coefficients of an 


inductive strip of length T=50 mils centered in WR(90)_ fin-linc, 
W/b= 0.25. 


SCATTERING PARAMETERS: 


FREQ S17 sr aa | {S127 


eSilee 


9591 S700 78 
5 Al TAs: lS 7obes 
eJoN7 (SU. 4609 
9202 148.1344 
gOS 145.125@ 


67 .0@78 woe oe 67.0078 
ba. 5625 ushs Ge. dines 
60.96@9 moos Be. 9609 
See lsd4 5 ici hs Se. lat4 
5521252 4297 Coco? 
SF eieheh=. a 28062 ol, 2762 -4647 Si 0062 
.@648 129.1906 q9..19@6 poe! 197-1 90G 
pet2S 15S. (a 87 aes o Nee Gul aia a)Piehe) ais) le) 3) U/ 
.8174 PS 2 OSs IL sat 42.5954 sore 427 3921 


Un) SS SS fe) te) 04 oe 
\ é) @a) PS Ws) hi — be 
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Table 16. Touchstone data file containing the computed scattering coefficients of ain 
inductive strip of length T= 100 mils centered in WR(90Q)_ fin-line, 
W/b= 0.25. 


SCATTERING PARAMETERS: 


BeEQ /SI1/ oul) 


not oS fsa.6281 
Selah, 154.5168 
“Sele Polind 750 
moo ¢ bag. 3978! 
pog472 145.8924 
= 2|bjoR 142.3266 
Bae | 2974297 
5s fra) (faa54559 
8808 fee 69S2 
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Table 17. Touchstone data file containing the computed scattering coeflicients of an 
Inductive strip of length T=200 mils centered in WR(90) 
fin-line, W/b = 0.25. 


— ee 1 Oe ee 
Se EE TET Bee ng as 





| SCATTERING PARAMETERS: 


FRE oll ty Soul Se oa! Pot, Zale eo Piahay : See 

B20 »9902 U57 . J996 steal oso By 29996 S50 67.9996 . 9902 157 . 9985 
8.5 -929S 154.8944 .1422 64.8844 - 1480 64.8844 Mie] ej le 154.8844 
920 =Je99 isa. 32950571460 6225250 .146@ 62.4250 «9893 1S2. 3330 
ae oaleteys: eal Seen Soo 718 —1573 So 2719 Roisi=)s| 149-270 
POO e. Ia4 7 [45 2073 elisa She) eae fal Face: elie 56.2078 sdelZ 146.2078 
i Sa a 142 ..29845 ee S15 6 A alsly! ee Se .2 924 ~9749 142.2984 
11. O75. 9664 Loe 3957 Paes 0 ao. 9937 poo o 46-9927 . 9664 132. 99am 
Eiko So 134.4516 .2964 44.4516 7254 44.4515 sooo 134.4516 
(220 e894 e925 Sues. 4.29 59.9516 ~f2hes 29.9516 -oso4 12929Sh 
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Jable 18. Touchstone data file containing the computed scattering coefficients of an 
inductive strip of length T=500 mils centered in WR(90)_ fin-line, 
W/b= 0.285. 


ee en a ee ae Si al 


! SCATTERING PARAMETERS: 


meee ed /S11/ ASI Le si/ aoe | pokes (ee aang | fo2e 

8.2 Selelsls, (54.3987 72014) BS5997 -Q141 65ige587 ea999 bos. 2927 
BS 239398 (Se 558 .2190 Gas ose .@19 Pap hs\ oye faogd Poe25525 
oC 72996 Loe e7 de 20225 GO. 8792 0283 Gee Gade lel ele Pogoe 72 
ai.'5 saad4 P4925 49 29246 pelo ote in -9346 Se 350 52494 P4972 598 | 
fee .9988 METS (s)he yy Shears? 849) Sua 47 valsleh 3 146.1797 
heeo) 2989 b42. 0659 20628 Peo OG 9 She oie 7o2e¢ bAZet eS 
ite. 9956 Loeae2d7 O24 #825297 soca AO Se a7 sea66 iee2 5297 
jes 2994 | P33.g984 <hHes 435.2984 eroeg Tec ooe4 al 289g Pee ea 
fee §,9889 la7. boo, 2 (44 Oy eo .14B4 Bia fule=\= pase? 27, 7156 
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Table 19. Touchstone data file containing the computed scattering coefficients of an 
inductive strip of length T=20 mils centered in WR(90)_ fin-line, 
W/b= 0.2. 


SS i ae oes 


SCATTERING PARAMETERS: 


PRE fSi 1/7 Se 


“3416 FS7.4156 
-9266 154.4996 
mol@s. | 15127906 
2ed22  $48.55E2 
8725 145.8984 
soll Nee 9S3 
peeed Vitra o22 
72056. (lier | a 
mireO Vaane422 
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Table 20. Touchstone data file containing the computed scattering coefficients of an 
inductive strip of length T=50 mils centered in| WR(90)_ fin-line, 
W/b= 0.2. 


Besoin) TERING PARAMETERS: 


epee /S11/ Catt SVE A oul haves eo: foe / “oo 

8.9 P5009 Slee <Ganle 261s Bo. ba2t 2612 Pe ol eee, 9659 99159 652} 
S0 geod 'os. 7994 22546 Oona a ee 925 Bie? Jo4 oso) 3155..79904 
9.@ eo 5 Milav.2 109 sages 5 i aS beep ay be oe 9456 8 1S5,2109 
a.5 pooch Wis2.0)88° 25585 62.@189 2503 60.0198 .9326 159.0198 
12.@ e219) VAP gees 23926 Si, 2203 hs pa Siecle met? aiAgee lO 3 
| Yala pa04) 4a 6187 24273 Saale? MA 275 Ste play ee 3041) i445 6187 
it. @ peeb | Wale. 6766.) .4625 Sle e7(obas,¢oes Si. 27655226517, 14). 9766 
ees p2650 wise. 7969 ~S204 48.7969 .S004 48.7959 .28658 136.7969 
2.0 po437 155.2475 .5269 AS eta a oe69 fo 222752457 135. 3275 
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Table 21. Touchstone data file containing the computed scattering coefficients of an 
inductive strip of length T= 100 mils centered in  WR(90)_ fin-line, 
W/b = 0.2. 


SCATTERING PARAMETERS: 


ER EQ Gy ont, sit 


2792 Saez 249 
22170 “VSo.2404 
Sof oo- (1 Sae 0125 
eg656)) (hse. 707% 
Sooo Selene OS 
3453 45.0687 
9655 Wide o4 52 
29179 13676144 
Raps [ei lai | acess el 2 
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Table 22. Touchstone data file containing the computed scattering cvueffictents of an 
inductive strip of length T=200 mils centered in WR(90) fin-line. 
W/b= 0.2. 


1 SCATTERING PARAMETERS: 


mea /S11/ S11 fey 52) Poler aoe joer: cyan 

&.@ pod35 RSG. C2 oe.) 12e B3.iv2s oe eels) 69.1025 1a2S fio.) OeS 
6.5 ace 5 2b JOS2eelaad SiS) Sse ole oe 66.9252 Sele ies! ts6:7 9352 
9.@ -aatS [S42 65 1@e 2 bso) 64.6212 sla e| 64.6210 seche lls’ fa4 6219 
2 [eps] eae (a OGY See Sills Si B875 ay bla e 7s Bs oe po Loa. 087s 
1@.@ .9847 146.0641 521743 $8@.@641 8: ag. 854 | pe hou ey 148.0641 
Mees. .9794 145.0266 .2018 So.U26G SUA Is, So. 0256 Alig! 145.9265 
Meee. 9725 Vat 107. G ee oso Sirens foo cS Sin 7272 Bp aa 141.7878 
ess |. 9623 (00 eee 1a AOS feel 47.7703 eerlg Poa na 0S 
Weed .9486 JE sis Mee) eS Zege ol xe oS fo. 389i Bao) |e tay P22,2165 
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Table 23. Touchstone data file containing the computed scattering coeflicients of an 
inductive strip of length T=500 mils centered in WR(90)_ fin-line, 
W/b= 0.2. 


| SCATTERING PARAMETERS: 


PREG eS S15) LSEVs cool oles mol. cfc) “S22 

8.2 a399 IS2.6@0@ .@2e00 62.6822 8222 - - 6220 Bape les be: 152.6202 
Gio ays) poli) 151.4000 .@245 61.4020 iesS 61.4022 eshels) 7 151.4000 
9.0 -3996 150-4590 eee e2 6@.4902 aOeeS 69.450@ 29995 15@.450@ 
3.5 ea 94 148.9000 .@346 58.9220 .O345 58.9220 eaag4 148.9200 
(Ona ado 147.80@@ .@424 57.8820 .@424 57.8@0@ agai 147.8220 
19-5 3.5384 144.9141 .@564 a4. 9141 .@564 p44 .dl 44 .9984 144.9141 
(Ome 975 1422355) See 4) Sliecess 274] 51.2899 Ais hs Wake: 14152855 
Wess ds/sis Pelepeteh i 2 Bisisl(y 46.8141 .4999 46.8141 7245 1 146.2 14a 
2009 2.4906 (209422 "als 40.9922 ala78 AGS OI22 3476 13@. 9922 
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APPENDIX B. SUPPORTIVE FIGURES 
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